Introduction
============

Previous research has shown that lung cancer is the leading cause of cancer-associated mortality in China, but also worldwide, with a morbidity rate and mortality rate of 11.6 and 18.4%, respectively ([@b1-ol-0-0-11474]--[@b3-ol-0-0-11474]). Due to the high degree of malignancy and rapid development of lung cancer, lack of clinical symptoms in the early stage and the lack of an effective screening program, \>70% of patients are diagnosed with advanced stage disease (stage III/IV) ([@b4-ol-0-0-11474]). It has been previously reported that \~60% of patients diagnosed with non-small-cell lung cancer (NSCLC) die within 1 year, because they are unable to undergo any surgical resection, and due to the occurrence of local recurrence and distant metastasis during the treatment process ([@b5-ol-0-0-11474]). In recent years, the main treatments for advanced NSCLC have been chemotherapy, molecular-targeted therapy and developing immunotherapy ([@b6-ol-0-0-11474]--[@b8-ol-0-0-11474]). Although molecular targeted therapies have resulted important changes in the treatment of NSCLC, especially for adenocarcinoma, the odds of patients with lung cancer surviving for at least 5 years after diagnosis remain \<15% ([@b9-ol-0-0-11474]). The pathogenesis behind lung cancer has not been fully elucidated, and research has shown that factors such as polygenes may be involved. Research has found that microRNAs (miRNAs/miR) have an important role in the occurrence and progression of tumors via the regulation of target genes ([@b10-ol-0-0-11474]). Therefore, miRNAs may be key for tumor intervention therapy ([@b11-ol-0-0-11474]). miRNA-146a is located in the LOC285628 gene on human chromosome 5. The LOC285628 gene is composed of two exons separated by \~16 kb. The sequence encoding miR-146a is located in the second exon. In 2008, Jazdzewski *et al* ([@b12-ol-0-0-11474]) proposed that the pre-miR-146a gene polymorphism may serve a role in thyroid papillary carcinoma. miR-146a was subsequently examined in gastric cancer, esophageal cancer, liver cancer, breast cancer, ovarian cancer and other tumors. In 2011, Vinci *et al* ([@b13-ol-0-0-11474]), studied the genetic polymorphisms and expression of miRNAs in NSCLC, and later found that miR-146a may increase the risk of NSCLC. In the past five years, the number of studies on the effects of miR-146a on NSCLC has increased greatly. Only 20% (5/20) of the manuscripts regarding miR-146a in NSCLC could be retrieved before 2014, and the remaining manuscripts were retrieved from 2015 to 2019.

Research has indicated that miR-146a has great impact on proliferation, apoptosis, invasion and metastasis of lung cancer ([@b14-ol-0-0-11474]). Although the specific mechanism, to the best of our knowledge, has not been fully explored, miR-146a may be important for developing new and effective therapeutic targets, becoming one of the hotspots in cancer research. In the present study, reverse transcription-quantitative PCR (RT-qPCR) was used to detect the miR-146a level in three lung adenocarcinoma cell lines. Furthermore, the effects of miR-146a on the malignant biology of lung adenocarcinoma cells were examined. Finally, the molecular mechanism of the effects of miR-146a was explored.

Materials and methods
=====================

### Cell lines and cell culture

Human lung epithelial cells, BEAS-2B, were obtained from China Center for Type Culture Collection and human lung adenocarcinoma cells, A549, H1299 and PC-9, were obtained from the Pharmacology Department of Fujian Medical University (Fujian, China). All cells were cultured in RPMI-1640 medium with 10% FBS (both HyClone; GE Healthcare Life Sciences) and 100 U/ml penicillin and 100 µg/ml streptomycin (Gibco; Thermo Fisher Scientific, Inc.). All cells were incubated at 37°C with 5% CO~2~.

### RT-qPCR and the expression levels of miR-146a in human lung adenocarcinoma cells

The expression of miR-146a in human lung adenocarcinoma cells, A549, H1299 and PC-9, and human lung epithelial cells, BEAS-2B, were measured using RT-qPCR. Total RNA was extracted from cells using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.). The purity and concentration of RNA were assessed using NanoDrop 2000 (Thermo Fisher Scientific, Inc.). cDNA was synthesized according to the instructions included with the miRNA reverse transcription kit (Invitrogen; Thermo Fisher Scientific, Inc.) and performed using the following conditions: Incubation at 42°C for 60 min, 95°C for 5 min, and held at 4°C, until subsequent experimentation. qPCR reaction system was prepared with the SYBR Green qPCR Supermix (Promega Corporation), according to the manufacturer\'s protocols. qPCR reaction conditions were as follows: 95°C for 3 min; followed by 40 cycles of 95°C for 15 sec, 60°C for 30 sec, and 68°C for 1 min. U6 served as an internal normalized reference. The primers of miR-146a and U6 are shown in [Table I](#tI-ol-0-0-11474){ref-type="table"}. Quantification of relative expression was performed using the 2^−ΔΔCq^ method ([@b15-ol-0-0-11474]), where ΔΔCq=\[Cq(miRNA)-Cq(U6)\]~experimental\ group~-\[Cq(miRNA)-Cq(U6)\]~control\ group~.

### Experimental group and transfection

The experimental cells were divided into 3 groups: Mimics group, transfected with Cy3-miR-146a mimics (5′-UGAGAACUGAAUUCCAUGGGUU-3′; Shanghai GenePharma Co., Ltd.) as the experimental group; negative control (NC; 5′-UUCUCCGAACGUGUCACGUTT-3′) group, transfected with miR-146a analogue nonsense sequences (Shanghai GenePharma Co., Ltd.) as the negative control group; and mock group, treated with Lipofectamine^®^ 2000 only (Invitrogen; Thermo Fisher Scientific, Inc.). The day before transfection, A549 cells were seeded on a 24-well-plate and allowed to incubate overnight, after which their confluency was 30--50%. The cells were transfected using Lipofectamine^®^ 2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer\'s protocols.

### Transfection efficiency of miR-146a

After 6 h of transfection, the approximate transfection efficiency was observed and calculated using fluorescence microscopy in which five random fields were observed at ×200 magnification. The cells were continued to be cultured after the medium was replaced. Total RNA was extracted from the three groups at 48 h after transfection. The expression of miR-146a in the three groups was measured using RT-qPCR. U6 was used as an internal reference. Primers are shown in [Table I](#tI-ol-0-0-11474){ref-type="table"}.

### Cell proliferation assay

Cell proliferation was assessed by Cell Counting Kit-8 (CCK-8) assay (Beyotime Institute of Biotechnology). Briefly, the three groups of A549 cells were incubated in 96-well plates at a density of 2.5×10^3^ cells/well. The cells were cultured for 12, 24, 36, 48, 60 and 72 h. A total of 10 µl CCK-8 reagent was subsequently added to each well, and cells were returned to incubation for 1--2 h. Light absorbance was measured at a wavelength of 450 nm using a microplate reader. The resulting value was used to represent cell proliferation activity.

### Apoptosis assay

A549 cells were inoculated into 6-well plates with the density of 1×10^6^ cells/well. At 48 h after transfection, the Annexin V-FITC and propidium iodine (PI) reagents (Nanjing KeyGen Biotech Co., Ltd.) were added, according to the protocols of the Annexin V-FITC apoptosis kit. The rate of apoptosis was determined by flow cytometry after 15 min of staining.

### Transwell and Matrigel assays

Transwell chambers were placed into a 24-well plate and Matrigel was diluted at 1:16 using RPMI-1640. 60 µl diluted Matrigel was added to the upper chamber and incubated at 37°C for 3 h. A549 cells of the three groups were digested and resuspended at 24 h after transfection. The cells were diluted with 200 µl serum-free medium (1×10^5^/ml) and added into the upper chamber of Transwell chamber, and 600 µl RPMI-1640 culture medium containing with 20% FBS was added to the lower chamber. After 24 h of cell culture, the cells were removed from the upper surface of the polycarbonate membrane with a wet cotton swab. The filter membrane was fixed with 4% polyformaldehyde for 10 min at room temperature, stained with 0.1% crystal violet for 30 min at room temperature, and rinsed with double distilled water for 5 min. Subsequently, five fields of view were randomly selected using light microscopy (Olympus Corporation) at low magnification, the number of invading cells was counted, and the mean average was calculated.

### Wound-healing assay

The three groups of A549 cells were seeded into 6-well plates at a density of 1×10^6^ cells/well. Cells were starved with serum-free medium for 12 h. A 10 µl pipette tip was used create a scratch across the center of each well. Images were obtained at 0 and 48 h of culture to assess wound-healing using light microscopy (×100 magnification; Olympus Corporation).

### Target gene prediction and dual-luciferase assay

Target genes of miR-146a were predicted using the bioinformatics software TargetScan (<http://www.targetscan.org/vert_72/>) and miRDB (<http://mirdb.org/>). Dual-luciferase assay was used to validate the association between miR-146a and the predicted targets. The wild-type 3′-untranslated region (UTR; IRAK1-WT and TRAF6-WT) and mutant 3′-UTR (IRAK1-MUT and TRAF6-MUT) of target genes were inserted into the pGL3 promoter vector (Shanghai GenePharma Co., Ltd.) the vector (0.4 mg) and miR-146a mimic or NC (10 pmol) were transfected into A549 cells using Lipofectamine^®^ 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). The cells were diluted to 1×10^5^/ml and cultured in a 24-well plate. Firefly and *Renilla* luciferase activities were quantified using the dual-luciferase reporter assay system (Promega Corporation) according to the manufacturer\'s instructions 48 h following co-transfections. The automatic microplate reader (Molecular Devices, LLC) was used in luciferase assays detection.

### mRNA expression of target genes as determined using RT-qPCR

The extraction of total RNA, synthesis of cDNA, and fluorescence quantitative PCR were performed in accordance with the steps described above. The relative mRNA expression of the target genes was calculated using GAPDH as an internal reference. The primers required for the experiment are presented in [Table I](#tI-ol-0-0-11474){ref-type="table"}.

### Protein expression of target genes as detected by western blot analysis

The three groups of cells were lysed with RIPA lysis buffer on ice at 48 h after transfection. The supernatant was retained after high-speed centrifugation (12,000 × g at 4°C) and the protein concentrations were measured using a BCA kit (Beyotime Institute of Biotechnology). Equal amounts of protein (15 µg)were separated by SDS-PAGE on 10% gels (Beijing Solarbio Science & Technology Co., Ltd.), and transferred to PVDF membranes. The PVDF membranes were blocked with 5% skim milk at room temperature for 2 h. They were then incubated with primary antibodies against interleukin-1 receptor-associated kinase 1 (IRAK1; dilution, 1:1,000; cat. no. ab180747; Abcam), TNF receptor associated factor 6 (TRAF6; dilution, 1:1,000; cat. no. ab33915; Abcam) and GAPDH (dilution, 1:10,000; cat. no. ab181602; Abcam) at 4°C overnight. The membranes were then incubated with horseradish peroxidase-conjugated goat anti-rabbit secondary antibody (dilution, 1:5,000; cat. no. BB-2202; BestBio Company; <http://bestbio.bioon.com.cn/>) at room temperature for 2 h. Proteins were visualized by chemiluminescence using an ECL kit (Beyotime Institute of Biotechnology), according to the manufacturer\'s protocols. The expression of proteins was quantified using densitometry analysis (ChemiDoc™ XRS+ gel imaging system) and analysed using image lab^™^ software (version 3.0; both Bio-Rad Laboratories, Inc.).

### Statistical analysis

Data were analyzed by SPSS 24.0 (IBM Corp.). Values are expressed as the mean ± standard deviation of three independent experiments. All P-values were calculated using unpaired Student\'s t-test or one-way analysis of variance with Tukey\'s post hoc test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### miR-146a is downregulated in human lung adenocarcinoma cell lines

The expression of miR-146a in three human lung cancer cell lines A549, H1299 and PC-9, and normal human lung epithelial cells, BEAS-2B, was detected by RT-qPCR. The expression of miR-146a in BEAS-2B and the relative expression in other cell lines is presented in [Table II](#tII-ol-0-0-11474){ref-type="table"}. The results showed that the expression of miR-146a in three human lung cancer cell lines was significantly lower than in human normal lung epithelial cells (P\<0.01; [Fig. 1](#f1-ol-0-0-11474){ref-type="fig"}).

### Cell transfection

Human lung adenocarcinoma cell line A549 was transfected with Cy3-miR-146a mimics and the transfected cells were observed using a fluorescence microscope after 6 h ([Fig. 2A](#f2-ol-0-0-11474){ref-type="fig"}). A total of 65±3.5 cells were counted in light microscopy images, while 62±4.7 cells were counted in fluorescence microscopy images. The transfection efficiency in A549 cells reached 95.4%.

At 48 h after transfection, the transfection efficiency of miR-146a mimics in A549 cells was assessed by RT-qPCR. The miR-146a expression level in the mock group was set to 1, and the relative expression levels of miR-146a in the NC group and the mimics group were 0.76±0.24 and 11,097.93±1,926.50, respectively ([Fig. 2B](#f2-ol-0-0-11474){ref-type="fig"}). The results showed that after the transfection of miR-146a mimics, the expression of miR-146a was significantly higher in the mimic group than in the NC and mock groups (P\<0.01; [Fig. 2B](#f2-ol-0-0-11474){ref-type="fig"}). This indicated that miR-146a was successfully overexpressed in human lung adenocarcinoma cell line A549.

### Overexpression of miR-146a inhibits the proliferation and induces cell apoptosis of A549 cells

To determine the role of miR-146a in lung adenocarcinoma cell lines, miR-146a was overexpressed and the effect of miR-146a on the proliferation of A459 cells was assessed by CCK-8 assay. The OD values of A549 cells were measured at 12, 24, 36, 48, 60 and 72 h after transfection ([Table III](#tIII-ol-0-0-11474){ref-type="table"}). There were no significant differences in proliferation among the three groups at 12 h (P\>0.05); however, at 24, 36, 48, 60 and 72 h, the OD values of the mimics group were significantly lower than those of the nc and mock groups (P\<0.05 and P\<0.01; [Fig. 3A](#f3-ol-0-0-11474){ref-type="fig"}). The CCK-8 assay indicated that overexpression of miR-146a reduces the proliferation of A549 cells. In order to determine whether miR-146a can promote apoptosis of A549 cells, a flow cytometry assay was performed at 48 h after A549 cells were transfected. The results showed the rates of apoptosis in the mimics, nc and mock groups to be 19.600±0.990, 9.800±1.131 and 13.701±0.707%, respectively (P\<0.05; [Fig. 3B and C](#f3-ol-0-0-11474){ref-type="fig"}). These results indicated that overexpression of miR-146a inhibited the proliferation and promoted apoptosis of A549 cells.

### Overexpression of miR-146a inhibits the migration of A549 cells

Taking into account the low levels of miR-146a expression in human lung adenocarcinoma cells, and the fact that miR-146a inhibits proliferation and promotes apoptosis of A549 cells, this study subsequently examined whether miR-146a may affect cell migration. To address this, Transwell and wound-healing assays were conducted 48 h after cells were transfected. The results of the Transwell assay showed that the number of cells passing through the membrane in the mimics group (212±6.000) was significantly lower than in the nc group (588±60.357) and mock group (572±25.166; P\<0.01; [Fig. 4A](#f4-ol-0-0-11474){ref-type="fig"}). In the wound-healing assay, images of the scratches in the three groups at 0 and 48 h after transfection, and the sizes of the healing areas were calculated accordingly. Five randomly selected fields of view along each wound were marked, and the wound area was measured, and the average wound-healing area was determined as the wound area of this wound and calculated as follows: The wound-healing area=wound area of 0 h-wound area of 48 h. Wound-healing area was first compared to the wound area at 0 h, and subsequently compared to the NC and mock groups. The area of cell monolayer healing in the mimics group was significantly smaller (26.32±3.11%) than that in the NC group (63.42±0.17%) and in the mock group (63.17±3.73%; P\<0.05; [Fig. 4B](#f4-ol-0-0-11474){ref-type="fig"}). Results showed that overexpression of miR-146a inhibited migration *in vitro*.

### Detection of miR-146a targeted genes

The target genes of miR-146a were predicted using bioinformatics tools using the databases TargetScan and miRDB. After reviewing previous publications ([@b16-ol-0-0-11474]--[@b18-ol-0-0-11474]), *IRAK1* and *TRAF6* were selected as target genes in lung cancer and were used for the dual-luciferase assay. Bioinformatics predicted the presence of miR-146a-binding sites in the 3′-UTRs of *IRAK1* and *TRAF6* ([Fig. 5](#f5-ol-0-0-11474){ref-type="fig"}). The wild-type and mutant 3′-UTRs of *IRAK1* and *TRAF6* were used for the construction of recombinant luciferase expression vectors IRAK1-WT, IRAK1-MUT, TRAF6-WT, and TRAF6-MUT, and the vectors were co-transfected with miR-146a mimics or miR-146a nc to measure luciferase activity. The ratios of firefly luciferase activity to *Renilla* luciferase activity in the co-transfected groups, IRAK1-WT + miR-146a mimics group and TRAF6-WT + miR-146a mimics group, were significantly lower than in the WT + NC and the MUT + miR-146a mimics and NC groups (P\<0.05 and P\<0.01; [Fig. 6A and B](#f6-ol-0-0-11474){ref-type="fig"}). The results indicated that miR-146a could specifically bind to 3′-UTRs of *IRAK1* and *TRAF6*.

### Overexpression of miR-146a inhibits IRAK1 and TRAF6 in A549 cells

To further examine the signaling pathway that miR-146a regulates, and prove that miR-146a can regulate *IRAK1* and *TRAF6*, the mRNA and protein expression levels of these two genes were measured by RT-qPCR and western blot analysis. RT-qPCR assay showed that mRNA levels of both target genes in the experimental group transfected with miR-146a mimics were significantly lower than in the nc and mock groups (P\<0.05 and P\<0.01; [Fig. 7A](#f7-ol-0-0-11474){ref-type="fig"}). In addition, the results of the western blot experiment also indicated that the protein levels of *IRAK1* and *TRAF6* were inhibited after miR-146a overexpression in A549 cells (P\<0.05 and P\<0.01; [Fig. 7B and C](#f7-ol-0-0-11474){ref-type="fig"}). This investigation of the underlying mechanism shows that miR-146a can regulate the expression of *IRAK1* and *TRAF6*, at the mRNA and protein level.

Discussion
==========

With the development of modern gene technologies and the exploration of candidate genes and genomes, evidence has shown that lung cancer cells accumulate a large number of gene mutations during cancer development and progression, including inactivation of tumor suppressor genes and activation of oncogenes, which promote the growth or survival of tumor cells ([@b19-ol-0-0-11474]). miRNA molecules have been identified as a class of novel regulatory molecules that negatively regulate gene expression. These non-coding small RNAs are generally 18--25 nucleotides long, and they form gene regulation networks through complex interactions with their target genes, which are cell- and tissue-specific, and can regulate many physiological and pathological processes in humans ([@b20-ol-0-0-11474]). The main mechanism of miRNA regulation is to induce the degradation of target mRNA and inhibit its post-transcriptional translation by completely or partially complementing the 3′-UTR of the target mRNA ([@b21-ol-0-0-11474]). A number of studies have reported abnormal expression of miRNA to be associated with the pathogenesis of various human tumors; miRNA has functions similar to those of proto-oncogenes or tumor suppressor genes, in addition to playing important roles in the development and progression of tumors ([@b22-ol-0-0-11474],[@b23-ol-0-0-11474]).

Lung cancer is the most common clinical primary malignant tumor, with 80--85% of cases being NSCLC, and lung adenocarcinoma is the main type of NSCLC ([@b24-ol-0-0-11474]). Due to the difficulty of early diagnosis of lung adenocarcinoma, the majority of cases are diagnosed at the advanced stage and are difficult to radically resect surgically. Therefore, chemotherapy and targeted therapy are the main treatments for NSCLC. However, unsatisfactory curative effect and poor prognosis are observed in a large number of patients ([@b25-ol-0-0-11474]). The identification and assessment of new therapeutic targets has become urgent in the diagnosis and treatment of lung adenocarcinoma. miR-146a plays important roles in the development and progression of many types of tumors, and it has been widely studied and reported in recent years. The expression of miR-146a is decreased significantly in breast ([@b26-ol-0-0-11474],[@b27-ol-0-0-11474]), liver ([@b28-ol-0-0-11474],[@b29-ol-0-0-11474]), prostate ([@b30-ol-0-0-11474]) and bladder cancer ([@b31-ol-0-0-11474]), and upregulation of miR-146a can inhibit the proliferation, invasion, and metastasis of these tumor cells and promote apoptosis ([@b26-ol-0-0-11474]--[@b31-ol-0-0-11474]); however, the expression of miR-146a is significantly higher in thyroid follicular carcinoma ([@b32-ol-0-0-11474],[@b33-ol-0-0-11474]) and oral carcinoma ([@b34-ol-0-0-11474]), and the downregulation of miR-146a expression can inhibit the malignant biological behaviors of tumor cells. In addition, the negative feedback mechanism associated with miR-146a is not applicable to all tumor cells ([@b35-ol-0-0-11474]). The underlying mechanism of miR-146a in different types of tumor cells requires further study.

In 2011, Vinci *et al* ([@b13-ol-0-0-11474]) measured the expression of several miRNAs in NSCLC and found the expression of miR-146a to be increased, therefore increasing the risk of NSCLC. In 2015, Wang *et al* ([@b36-ol-0-0-11474]) also observed the upregulation of miR-146a in NSCLC by RT-qPCR. However, in 2013, Chen *et al* ([@b37-ol-0-0-11474]) reported that the expression of miR-146a was reduced in NSCLC, which suggested that miR-146a may have a role as a tumor suppressor gene. Wang *et al* ([@b38-ol-0-0-11474]) showed similar results. These data indicated that, in lung cancer, the role of miR-146a and whether it acts as an oncogene or a tumor suppressor gene remains debatable.

In this study, the expression of miR-146a in BEAS-2B human normal lung epithelial cells and three human lung adenocarcinoma cell lines (H1299, A549, and PC-9) were measured using RT-qPCR. The results showed that the expression of miR-146a in human lung adenocarcinoma cell lines was significantly lower than that in human normal lung epithelial cells, indicating that miR-146a plays an important role as a tumor suppressor gene in NSCLC. The extensively used human lung adenocarcinoma cell line A549, which has high miR-146a expression was examined. Therefore, these cells were transfected with miR-146a using the liposome method to establish miR-146a-overexpressing A549 cells. The results showed that overexpression of miR-146a not only inhibited the proliferation of A549 cells, but also promoted apoptosis and inhibited the migratory ability of A549 cells, suggesting the role of miR-146a as a tumor suppressor gene in lung cancer.

One miRNA can target several mRNAs, and one target gene can be co-regulated by multiple miRNAs ([@b39-ol-0-0-11474]); the biological functions of miRNAs mainly depend on the roles of the downstream target genes. In 2010, Li *et al* ([@b40-ol-0-0-11474]) reported that, in pancreatic cancer, the inhibitory effect of miR-146 on the invasion of pancreatic cancer cells was associated with the downregulation of metastasis associated 1 family member 2, IRAK1, epidermal growth factor receptor (EGFR), and NF-κB signaling pathways by miR-146. In 2011, Garcia *et al* ([@b41-ol-0-0-11474]) reported that miR-146a could promote the proliferation and invasion of triple-negative breast cancer cells by downregulating BRCA1. In 2014, Forloni *et al* ([@b42-ol-0-0-11474]) reported that miR-146a could promote the development and progression of melanoma by activating the Notch signaling pathway. In 2013, Chen *et al* ([@b37-ol-0-0-11474]) indicated that upregulation of miR-146a significantly decreased the expression of EGFR in NSCLC cell lines. In 2014, Cornett *and Lutz* ([@b43-ol-0-0-11474]) found that miR-146a could target cyclooxygenase 2 in NSCLC. In 2016, Li *et al* ([@b14-ol-0-0-11474]) showed that miR-146a could inhibit the proliferation and cell cycle progression of NSCLC cells by targeting cyclin D1 and cyclin D2. In this study, the downstream target genes of miR-146a were predicted using the bioinformatics tools Target Scan, Pictar, and miRDB, which indicated that miR-146a may regulate IRAK1 and TRAF6 by binding to the 3′-UTR of IRAK1 and TRAF6. In 2013, Hung *et al* ([@b34-ol-0-0-11474]) reported that miR-146a enhanced the carcinogenicity of oral cancer by targeting IRAK1 and TRAF6 simultaneously. However, the role of IRAK1 and TRAF6 as miR-146a target genes in NSCLC, to the best of our knowledge, has not been reported.

In this study, the target genes were verified by the dual-luciferase reporter assay system, and the results showed the activity ratios of firefly luciferase to *Renilla* luciferase in A549 cells transfected with miR-146a-mimics + IRAK1-WT and miR-146a-mimics + TRAF6-WT to be significantly lower than those transfected with miR146a-nc+IRAK1-WT and miR146a-nc + TRAF6-WT. In the control groups, however, the activity ratios in A549 cells transfected with miR-146a-nc + IRAK1-MUT and miR146a-mimics + IRAK1-WT, and miR-146a-mimics + TRAF6-MUT and miR146a-nc + TRAF6-MUT, showed no significant difference. The above results confirmed that miR-146a could specifically bind to the 3′-UTR of *IRAK1* and *TRAF6*, therefore, blocking the transcription of the luciferase gene and decreasing the ratio of luciferase activity. However, when the 3′-UTR of *IRAK1* and *TRAF6* were mutated, the binding sites of miR-146a were destroyed, and the transcription of the luciferase gene was not affected, so the ratio of luciferase activity did not differ significantly. This indicated that *IRAK1* and *TRAF6* are the target genes directly regulated by miR-146a.

In this study, the effects of miR-146a on mRNA and protein levels were also verified by RT-qPCR and western blot analysis, respectively. The results indicated that, in the mimics group, the relative expressions of IRAK1 and TRAF6 mRNA and the relative gray values of proteins were lower and weaker than those in the nc and mock groups (P\<0.05), which further confirmed that miR-146a can simultaneously target IRAK1 and TRAF6 activities and therefore act as a tumor suppressor. Additionally, in 2006, Taganov *et al* ([@b44-ol-0-0-11474]) reported that miR-146a could bind to IRAK1 and TRAF6, which encode the adaptor molecules between Toll-like receptors (TLRs) and NF-κB, inhibiting the expression of IRAK1 and TRAF6, therefore reducing the downstream NF-κB activity after TLR activation. Labbaye *and Testa* ([@b45-ol-0-0-11474]) confirmed the aforementioned results in 2012. In 2015, Park *et al* ([@b46-ol-0-0-11474]) and Yousefzadeh *et al* ([@b47-ol-0-0-11474]) also reported that miR-146a inhibits the activation of the NF-κB pathway by inhibiting the expression of IRAK1 and TRAF6, reducing the production of inflammatory cells and preventing the immune system from overreacting. Therefore, in lung cancer miR-146a may increase activation of the NF-κB signaling pathway by targeting IRAK1 and TRAF6. Further investigation on the specific mechanisms involved is required.

In conclusion, the expression of miR-146a in human lung adenocarcinoma cells decreased significantly, so it may play a role as a tumor suppressor gene. The upregulation of miR-146a significantly inhibited the proliferation, growth and metastasis of human lung adenocarcinoma cell line A549 and promoted apoptosis. miR-146a likely exerts its biological functions by targeting the activity of *IRAK1* and *TRAF6* genes, therefore affecting the downstream signaling pathways. However, whether miR-146a also regulates other target genes to inhibit the activity of lung cancer cells requires further study. Further exploration and understanding of the mechanism by which miR-146a acts in lung adenocarcinoma may provide new effective targets for clinical molecular therapy for lung cancer.
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![Relative mRNA expression of miR-146a in the four cell lines. Expression of miR-146a in three lung adenocarcinoma cell lines (A549, H1299, and PC9) and a human normal bronchial epithelial cell line (BEAS-2B). Expression of miR-146a was significantly lower in all three lung adenocarcinoma cell lines than in the normal epithelial cell line. \*\*P\<0.01. miR-146a, microRNA-146a.](ol-19-06-3643-g00){#f1-ol-0-0-11474}

![Transfection efficiency of miR-146a mimics in A549 cells. (A) A549 cells were photographed under a microscope 6 h after transfection. The overall transfection efficiency was 95.4%. Scale bar, 100 µm (×100 magnification). (B) At 48 h after transfection, the expression of miR-146a in A549 cells was measured and the expression of miR-146a was significantly higher in the mimic group than in the NC and mock groups. \*\*P\<0.01 vs. NC and mock group. miR-146a, microRNA-146a; NC, negative control.](ol-19-06-3643-g01){#f2-ol-0-0-11474}

![Effects of miR-146a overexpression on proliferation and apoptosis in A549 cells. (A) The OD values of A549 cells were measured at 12, 24, 36, 48, 60 and 72 h after transfection. The values of the mimics group were smaller than the nc group and the mock group at 24, 36, 48, 60 and 72 h. (B and C) At 48 h after transfection, miR-146a overexpression was found to promote apoptosis of A549 cells. \*P\<0.05 vs. mock and NC group. miR-146a, microRNA-146a; NC, negative control; OD, optical density; PI, propidium iodine.](ol-19-06-3643-g02){#f3-ol-0-0-11474}

![miR-146a overexpression inhibits migration of A549 cells. (A) Overexpression of miR-146a was found to inhibit the migratory ability of A549 cells in the Transwell experiment. (C and D) Images of wound-healing were taken at 0 h and 48 h, and the area of healing represented the migration ability. The assay showed that miR-146a inhibited the migration ability of A549 cells Scale bar, 200 µm (×100 magnification) \*\*P\<0.01 and \*P\<0.05 vs. mock and NC group. miR-146a, microRNA-146a; NC, negative control.](ol-19-06-3643-g03){#f4-ol-0-0-11474}

![Binding sites of miR-146a with IRAK1 and TRAF6. IRAK1, interleukin-1 receptor-associated kinase 1; TRAF6, TNF receptor associated factor 6; UTR, untranslated region; miR-146a, microRNA-146a.](ol-19-06-3643-g04){#f5-ol-0-0-11474}

![Detection of miR-146a targeted genes using a dual-luciferase reporter assay system. There was a profound decrease in the luciferase activity in A549 cells co-transfected with miR-146a mimics and (A) IRAK1-WT or (B) TRAF6-WT, \*P\<0.05 and \*\*P\<0.01 vs. mock and NC group. miR-146a, microRNA-146a; NC, negative control; WT, wild-type; MUT, mutant.](ol-19-06-3643-g05){#f6-ol-0-0-11474}

![Overexpression of miR-146a and inhibition of IRAK1 and TRAF6 in A549 cells. (A) mRNA expression levels, and (B) western blot analysis and (C) densitometry analysis of protein expression levels indicated that at 48 h after transfection, overexpression of miR-146a inhibited the mRNA and protein expression levels of IRAK1 and TRAF6. \*\*P\<0.01 vs. mock and NC group. miR-146a, microRNA-146a; NC, negative control; IRAK1, interleukin-1 receptor-associated kinase 1; TRAF6, TNF receptor associated factor 6.](ol-19-06-3643-g06){#f7-ol-0-0-11474}

###### 

Primer sequences used for amplification.

  Primer     Sequence (5′-3′)
  ---------- ----------------------------------------------------
  RT         GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAACCCA
  miR-146a   Forward CGGCGGTGAGAACTGAATTCCA
  miR-146a   Reverse GTGCAGGGTCCGAGGT
  U6         Forward GCTTCGGCAGCACATATACTAAAAT
  U6         Reverse CGCTTCACGAATTTGCGTGTCAT
  IRAK1      Forward GTGGACACGGACACCTTCAG
  IRAK1      Reverse CTCCTCAGCCTCCTCTTCCA
  TRAF6      Forward GGAACCCTAGCCCATCGTCA
  TRAF6      Reverse GGAACCCTAGCCCATCGTCA
  GAPDH      Forward AGAAGGCTGGGGCTCATTTG
  GAPDH      Reverse AGGGGCCATCCACAGTCTTC

RT represents the sequence of the miR-146a primer used for reverse transcription. IRAK1, interleukin-1 receptor-associated kinase 1; TRAF6, TNF receptor associated factor 6; miR-146a, microRNA-146a.

###### 

Relative expression level of miR-146a in the four cell lines.

  Group     miR-146a (mean ± standard deviation)
  --------- -----------------------------------------------------------
  A549      0.325±0.069^[a](#tfn2-ol-0-0-11474){ref-type="table-fn"}^
  PC-9      0.193±0.100^[a](#tfn2-ol-0-0-11474){ref-type="table-fn"}^
  H1299     0.090±0.020^[a](#tfn2-ol-0-0-11474){ref-type="table-fn"}^
  BEAS-2B   1.000

P\<0.01. miR, microRNA.

###### 

Overexpression of miR-146a promotes proliferation of A549 cells.

               Time point (h)                                                                                                                                                                                                                                                                                                                                                                                                                                       
  ------------ ---------------- -------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------
  miR-mimics   0.539±0.046      0.696±0.010^[a](#tfn3-ol-0-0-11474){ref-type="table-fn"},[b](#tfn4-ol-0-0-11474){ref-type="table-fn"}^   0.827±0.027^[c](#tfn5-ol-0-0-11474){ref-type="table-fn"},[d](#tfn6-ol-0-0-11474){ref-type="table-fn"}^   0.899±0.082^[a](#tfn3-ol-0-0-11474){ref-type="table-fn"},[b](#tfn4-ol-0-0-11474){ref-type="table-fn"}^   1.235±0.027^[a](#tfn3-ol-0-0-11474){ref-type="table-fn"},[b](#tfn4-ol-0-0-11474){ref-type="table-fn"}^   1.458±0.048^[a](#tfn3-ol-0-0-11474){ref-type="table-fn"},[b](#tfn4-ol-0-0-11474){ref-type="table-fn"}^
  miR-NC       0.582±0.014      0.863±0.070                                                                                              1.070±0.085                                                                                              1.197±0.094                                                                                              1.588±0.008                                                                                              1.749±0.114
  Mock         0.575±0.027      0.880±0.049                                                                                              1.000±0.035                                                                                              1.176±0.086                                                                                              1.549±0.126                                                                                              1.797±0.040

P\<0.01 vs. NC

P\<0.01 vs. mock

P\<0.05 vs. NC

P\<0.05 vs. mock. Data are presented as the mean ± standard deviation.
